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[57] ABSTRACT 

The present invention provides an apparatus and method for 
monitoring the read/write reliability of data storage devices 
contained within a data cartridge library system. The data 
cartridge library system includes multiple player/recorder 
devices. In accordance with one aspect of the invention, the 
data cartridge library computer queries a player/recorder 
device after it has been involved in a read/write operation. 
In one embodiment, the information queried is the Write 
and/or Read ECC Error Rates. In another eraboolment the 
Write and/or Read ECC Error Rates are assessed to deter- 
mine whether the subject player/recorder device is experi- 
encing read/write problems and whether remedial action is 
warranted. In another embodiment, the subject player/ 
recorder device is tested using a certified test cartridge and 
a known data pattern. In another aspect of the invention, 
preventative maintenance of the data cartridge library sys- 
tem includes one of the player/recorder devices writing a 
known data pattern to a certified test and the same device, as 
well as the remaining player/recorder devices, reading the 
known data pattern from the certified cartridge. Preferably, 
these steps are repeated for all player/recorders in the data 
cartridge library system and the respective Write and Read 
ECC Error Rates are displayed in a matrix format to facili- 
tate diagnosing whether any of the player/recorders are 
experiencing misalignment or data interchange problems. 
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APPARATUS AND METHOD FOR 
MONITORING READ/WRITE RELIABILITY 
OF DATA STORAGE DEVICE 

FIELD OF THE INVENTION 

This invention relates generally to data cartridge libraries, 
and more particularly to (he readVwrite reliability of player/ 
recorders used by such data cartridge libraries. 

BACKGROUND 

The general purpose of data cartridge library systems is to 
store large amounts of data provided by a host computer 
system and to transfer stored data back to the host computer 
system when needed. 

The components of a typical data cartridge library system 
include a storage array for holding a number of data car- 
tridges that each contain a recording media* typically tape or 
disk; one or more player/recorder for writing data from the 
host computer onto the recording media and reading data 
previously recorded on the recording media and providing 
this data to the host computer system; and a picker for 
moving data cartridges between the storage array and the 
player/recorders. One commonly used player/recorder is 
known as a helical scan tape player, which records narrow 
strips of data diagonally across a tape. Another type of 
playet/recorder is known as a digital linear tape drive. 

The typical data cartridge library system also includes an 
operator interface that permits an operator to interact with 
the system. Generally, the interface is comprised of an 
output device, such as a CRT, and an input device, such as 
a keyboard. 

Further included in the typical data cartridge library 
system is a controller that processes requests from the host 
computer system and operator inputs. For example, the 
controller would respond to a request from the host com- 
puter to write data onto recording media in a data cartridge 
by causing the picker to retrieve the subject cartridge from 
the storage array and load the cartridge into the appropriate 
player/recorder so that data from the host computer can be 
recorded. 

One problem with present data cartridge library systems 
is that occasionally such systems are either unable to store/ 
retrieve data on a recording media in a data cartridge or the 
storing/retrieval requires a substantial amount of time and/or 
effort Presently, one source if the read/write problem has 
been identified as the use of "old cartridges.- More 
specifically, when magnetic media within a data cartridge 
has been subjected to a number of read/write operations in 
a recorder/player, the magnetic media becomes worn out 
thereby making storage/retrieval of the data difficult To 
address this problem, many library systems periodically 
replace "old cartridges'* with "new cartridges" that contain 
the data previously recorded on the old cartridge. 

Even with the periodic replacement of data cartridges, the 
noted read/write problem persists. Consequently, there is a 
need for an apparatus and method which further provides the 
ability to reliably read/write data. 

SUMMARY OF THE INVENTION 

The present invention is directed to a data cartridge 
library system that improves the ability to store/retrieve data 
to/from the system over the noted systems. In this regard, the 
present invention recognizes that player/recorders, in addi- 
tion to recording media, can prevent or inhibit the ability to 
store/retrieve data to/from recording media in a data car- 
tridge. 
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To elaborate, the present invention recognizes that in 
library systems employing two or more player/recorders, a 
misalignment in a player/recorder that writes data on a 
recording media can prevent or substantially inhibit another 

5 player/recorder from reading data from the cartridge. 
Conversely, a misalignment in a player/recorder that reads 
data from the recording media on which data was recorded 
by a properly aligned player/recorder can also prevent or 
inhibit reading data from the media. The effect of a mis- 

10 aligned player/recorder in a library system that employs two 
or more player/recorders is especially evident in library 
systems that employ helical scan tape players in which the 
data strips must be written within a specified range of angles 
relative to the longitudinal axis of the tape. 

15 In one embodiment of the invention, a data cartridge 
library system with multiple helical scan tape players 
includes a device for recovering information from the play- 
ers mat is useful for identifying a misaligned tape player. In 
one embodiment the information used is the error correction 

2Q code (ECC) error rate during read/write operations. The 
ECC error rate is the ratio of the amount of data with respect 
to which a read/write operation must be retried to the amount 
of data which a read/write operation was attempted 
Preferably, this information is displayed on an operator 

2j interface or at the host computer system in a matrix type 
fashion that permits patterns to be discerned that are char- 
acteristic of the misalignment or "data interchange** problem 
so that ap propriate remedial action can be taken with respect 
to the misaligned player. 

30 H was also recognized that other player/recorder problems 
inhibit the writing/reading of data to/from a recording 
media. Specifically, in the case of tape players, the present 
invention recognizes mat various films can adhere to a 
transducer which is used to read a tape, thereby inhibiting 

35 the wriringfteading of data to/from the tape. Consequently, 
another embodiment of the invention employs the previ- 
ously noted elements of a data cartridge library system and 
a mechanism for receiving information from a player/ 
recorder and using the information to initiate a remedial 

40 procedure on which one and possibly more attempts are 
made to remove the film from the transducer. In one 
embodiment the information used is the ECC error rate. 
Further, the information used to indicate these problems is 
displayed on the operator interface and/or the host computer 

45 system. 

In a further embodiment of the invention, a method is 
provided which uses information from a player/recorder to 
take remedial action that is most likely to resolve any 
problems indicated by the information. In one embodiment 

so the information is used to assess whether the playerfrecorder 
or the recording medium is the most likely source of the 
problem and, based on the assessment take the appropriate 
remedial action. If the player/recorder is most likely to be at 
fault the remedial action includes cleaning the transducer 

55 once and perhaps several times. If the recording media is the 
roost likely source of the problem, the media is replaced with 
new media 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 FIG. 1 is a block diagram showing the interconnection of 
the host computer system with the data cartridge library 
system. 

FIG. 2 is a block diagram showing the components of a 
data cartridge library system. 
65 FIG. 3 is a plan view of a data cartridge library system. 

FIG. 4 is a graphic illustration of how a helical scan tape 
player records data on a tape. 
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FIG. 5 is a block diagram showing the components of a The host computer system 10 communicates with the data 

data cartridge library system, including a data cartridge cartridge library system 16 through the use of application 

library computer. software. The host computer system 10 includes a best user 

FIG. 6 is a flow chart showing the process for determining interface 12 to allow, for example, the host computer adrnin- 

the cause of an Alert warning or Fault condition. 5 istrator to monitor and control the host computer system 10. 

FIGS. 7A-7B show display screens on the output device As shown in FIG. 2. the data cartridge library system 16 

of the library user interface for an Alert warning and Fault ls interfaced with the host computer system 10 through a 

condition and possible error messages resulting from the small computer system interface (SCSI) or an RS-232 serial 

Alert warning or Fault condition. port interface 17. The data cartridge library system 16 

FIG. 8 show a log used to record Alert warnings and Fault 10 Glides a library user interface 18 to allow for example, the 

conditions. ^ cartridge library system administrator to monitor and 

mr« oa on c k™, th* ,u m i. u _ ^ ^ <rt _ 1# control the data cartridge library system 16 at the situs of the 

rlGa. 9A-9C show the display screens on the output - . ~~* , ./ ,.. . _ e , a 

usu 15 device, such as a keyboard. 

FIGS. 10A-10C show the display screens on the output ^erencing FIG. 3, a plan view of a data cartridge library 

device of the data library interface when a Fault condition Mfrt-m 1JC T* ZJ7^ VT ^ ~~ y 

. ' system 16 is shown. The data cartridge horary system 

includes a rotating entry/exit device 30. a storage array 20. 

FIG. 11 show display screens on the output device of the a transport device 40 and multiple player/recorder devices 

data library interface showing ECC mapping which indi- 20 ^ u 26. 28 and a library user interface 18. which is 

cates a media problem. preferably a touch screen interface. The rotating entry/exit 

FIG. 12 show display screens on the output device of the device 30 permits data cartridges 100 to be inserted into and 

data library interface showing ECC mapping which removed from the data cartridge library system 16. The 

indicates, among other things, the number of loads a par- storage array 20 includes multiple storage slots 84. for 

ticular data cartridge has been subject to and a tape load 25 accommodating data cartridges 100. The transport device 40 

count alert. and playerdrecarder devices 22. 24, 26, 28 are positioned on 

FIG. 13 show display screens on the output device of the opposite sides of the storage array 20. The transport device * 

data library interface showing ECC mapping which indi- 40 moves data cartridges 100 between the rotating entry/exit 

cates a problem with the player/recorder device. device 30. the storage array 20 and the player/recorder 

FIGS. 14A-14E show the display screens on the output ? evices 22. 24. 26, 2a In this regard, the storage array 20 

device of the library interface during a read/write confidence mdudcs P» ss mrou « h dots 74 ' 21 - ^ ^ 27 which ■» 

test located in front of the entry/exit device 30 and the player/ 

™ t* u 4. ji * ^ _ . . . . recorder devices 22. 24, 26. 28. respectively, to allow the 

FIG. 15 shows the display screen on the output device of _„ or ^ M ta 0 . m JZL M ^ u 

^ ... , 4 - 'L . y . transport device 40 to move a data cartridge 100 through the 

toe library user interface after completion of . readme 35 dots 74 . 21 . 23, 25. ^ ^ to/fro Tthe 

°? SIT \J ^f^ 8 ^ =ntry/exit device 30 and player/recorder devices 22. 24. 26. 

player/recorder devices are exhibiting any read/write prob- ^ 

lems. ' 

FIG. 16 shows the display screen on the output device of ™ C V^^^^^. 24 26. 28 are capable of 

the library user interface^ after completion of a read/write 40 wnting data onto re^dmg media in a ^cartndge 100 and 

confidence test the display mdicatini player/recorder device re ^ 8 . r ^^ ° n 2f S 5ardm * ^J****** 

problem with player/recJder devicl #1 Ie ^ a ^ ™ from 

^ ~ „_ . y ' „ . ^ . r which are known m the art including, for example, helical 

FIG 17 shows the display screen on the output device of scantap e drives that can read/write data on industry standard 

the horary user interface after completion of a read/write 4 mm or 8 mm tape cassettes. As illustrated in FIG. 4. helical 

confidence test, the display mdicaUng a misahgnment prob- 45 SC an tape drives employ read/write heads mounted on a 

lem with playerAecorder device #3. rotating drum 50 to record narrow strips of data diagonally 

FIG. 18 shows the display screen on the output device of across the tape 52 
the library user interface after ^completion of a read/write Referencing FIG. 5, the data cartridge library system 16 

confidence test, the display fadicttog that pkyer/recorder indudes a cotapa , a 55 capable 0 f controlling tr* f rotating 

#1 is exhibitmg misaUgnment or data interchange problems. e ntry/exit device 30. the transport device 40and the player/ 

FIG. 19 shows the display screen on the output device of recorders 22, 24. 26. 28. The computer 55 receives com- 

the library user interface after completion of a read/write mands from the host computer system 10 and/or library user 

confidence test, the display indicating that player/recorder interface 18. carries out the accepted commands and trans- 

#2 is exhibiting inisalignment or data interchange problems. 35 nuuinforinationtomehostcoii^ter 10 and/or library user 

FIG. 20 shows the display screen on the output device of interface 18. Additionally, the data cartridge library system 

the library user interface after completion of a read/write 16 can be programmed to automatically execute commands, 

confidence test, the display indicating that player/recorder In this regard, programming of the data cartridge library 

#3 is exhibiting misalignment or data interchange problems. computer 55 can occur, for example, by inserting into the 

FIG 21 shows the display screen on the output device of 60 data cartridge library system 16 a data cartridge having 

the library user interface after completion of a read/write software routines thereon and copying such routines to the 

confidence test the display indicating that player/recorder computer 55. 

#4 is exhibiting rmsalignment or data interchange problems. Having described the components of the system 16. the 

DETAIL DESCRIPTION OF THE INVENTION „ T ^« 

65 cartridge library system 16 stores data provided by the host 

With reference to FIG. 1. a host computer system 10 is computer 10 and transfers stored data back to the host 

shown interfaced with a data cartridge library system 16. computer system 10. For example, if the host computer 10 
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desires to write/read data to/from tape #1 located in slot #1. reliability problem has occurred end corrective action is 

the host computer 10 first commands the data cartridge necessary. Referencing FIGS. 7A-7B (showing "Procedure 

library system 16 to "load" tape #1 into one of the player/ A w ), preferably. Alert warnings and/or Fault conditions are 

recorder devices 22. 24, 26, 28. When received and processed in conjunction with other information, such as for 

accepted, the data cartridge library computer 55 causes the 5 example, player/recorder device cleaning requests, load 

transport device 40 to move to slot #1, grasp tape #1 and pull counts and player/recorder device errors, to determine read/ 

tape #1 away from slot #1. The computer 55 then causes the write problems experienced by the subject player/recorder 

transport device 40 to move tape #1 to the pass through slot device. With further reference to FIG. 8 (showing "Proce- 

positioned in front of the subject player/recorder device, dure B"). Alert warnings and Fault conditions are logged for 

move tape #1 through the pass through slot and into the lQ future reference. In this regard, tracking a player/recorder 

subject player/recorder device. The computer 55 further device's Alert/Fault history is useful for diagnosing read/ 

checks the subject player/recorder device to verify that the write problems. 

subject player/recorder device is ready for the write/read the issuance of a Alert warning or Fault condition is based 

operation. At this point, the computer 55 acknowledges to on write and read error rate percentages. For example, as 

the host computer system 10 that the load command was 13 shown in FIG. 9 A, if the Write and Read ECC Error Rates 

successfully completed. When acknowledgement is for a pUyer/recorder are both under 4% but one of the Error 

received, the host computer system 10 writes/reads data Rates exceeds 2%, an Alert warning is communicated visu- 

to/rrom tape #1 in the subject player/recorder device. ally to the output device of the library user interface 18. As 

The host computer system 10 next commands the data shown in FIG. 10A, if either the Write or Read ECC Error 

cartridge library system 16 to unload tape #1 from the ^ Rates exceeds 4%. a Fault condition is communicated visu- 

subject player/recorder device. When received and accepted, ally to the output device of library user interface 18. 

the data cartridge library computer 55 causes the subject Alternatively, a Fault Condition only issues when the Write 

player/recorder device to eject tape #1. The computer 55 ECC Error Rate exceeds 4%. Alternatively, an Alert warning 

then causes the transport device 40 to grasp tape #1, remove only issues when the Write ECC Error Rate exceeds 2% and 

tape #1 from the subject player/recorder device and move ^ does not exceed 4% and the Read ECC Error Rate exceeds 

tape #1 through the pass through slot The computer 55 then 3%. It is important to note that the ECC Error Rate thresh- 

causes the transport device 40 to move tape #1 to slot #1 and olds for issuing an Alert warning or a Fault condition will 

push tape #1 into slot #1. At this point, the computer 55 vary according to, among other things, the player/recorder 

acknowledges to the host computer system 10 that the devices used. In this regard, the library administrator can be 

unload command was successfully completed. jq given the option to select the ECC Error Rate thresholds. An 

Player/recorder devices 22, 24, 26. 28, such as helical Alert warning or Fault condition can also be communicated 

scan tape players, have built-in read-after-write/read verifi- to the host computer system 10 and/or audibly via the library 

cation which allows the player/recorder device to rewrite/ user interface 18. 

reread any data which does not verify with the original In another aspect of the invention, the Write and/or Read 

source of the data. For example, during the write/read 35 ECC Error Rates are used to diagnose whether the readftvrite 

operation described above, the subject player/recorder heads within a player/recorder have become dirty and 

device rereads the data the subject player/recorder device whether remedial action is warranted in response to the 

has just written/read to/from tape #1 by use of an Error issuance of an Alert warning or Fault condition. Preferably, 

Detection Correction Algorithm (ECC) which tracks the the data cartridge library computer 55 is programmed to 

number of date blocks which are written/read and the 40 automatically initiate remedial actions to address the read/ 

number of data blocks which had to be rewritten/reread write reliability problem identified by the issuance of an 

(denned as the Write/Read ECC Error Rate). Alternatively, Alert warning or Fault condition. Alternatively, the host 

the player/recorder devices 22, 24. 26. 28 have built-in computer system 10 can issue commands for remedial 

read-while-write verification. actions andVor the data cartridge library administrator can 

In accordance with one aspect of the invention, after a 45 initiate remedial action via the library user interface 18. 

read/write operation, the subject player/recorder device is In one embodiment, the read/write heads of the subject 

queried for information to determine if any read or write player/recorder device are cleaned (referred to as "Procedure 

problems were experienced. In one embodiment, the data F") in response to an Alert warning or Fault condition or a 

cartridge library computer 55 queries the subject player/ player/recorder device cleaning request For example, ref- 

recorder device for the Write and/or Read ECC Error Rates. 50 erencing FIGS. 9A-9C and 10A-10C. a cleaning cartridge. 

In this regard, the data cartridge library computer 55 can be inserted into the data cartridge library system 16 via the 

programmed to automatically query a playerAecorder device entry/exit device 30 or store in the storage array 20 of the 

for the Write and/or Read ECC Error Rates immediately data cartridge library system 16. is loaded into the subject 

after a write or read operation occurs involving the player/ player/recorder device. Next the readTwrite heads of the 

recorder device. Alternatively, the host computer If can 55 selected player/recorder device are cleaned using a single 

issue commands to the data cartridge library system 16 to pass cleaning in the case of an Alert warning or a triple pass 

query the subject player/recorder device for the Write and/or cleaning in the case of a Fault condition. It is recognized that 

Read ECC Error Rates. Additionally, a player/recorder cleaning the read/write heads multiple times sometimes 

device may have a built-in mechanism for requesting a provides better results than a single pass cleaning. Upon 

cleaning of the player/recorder* s read/write heads (referred «o completion of the single pass or triple pass cleaning, the 

to as "player/recorder device cleaning request**). cleaning cartridge is unloaded. 

Referencing FIG. 6. preferably, the Write and/or Read In another embodiment the Write and/or Read ECC Error 

ECC Error Rates are used to determine whether an Alert Rates are used to diagnose whether the data cartridge is 

warning or Fault condition should issue. An Alert warning is suspect. In this regard, the Write and/or Read ECC Error 

intended to issue when a potential read/write reliability 65 Rates arc mapped for each data cartridge contained within a 

problem is detected and preventative action is warranted. A slot of the data cartridge library. Referencing FIG. 11 

Fault condition is intended to issue when a read/write (denned as "Example 1"). a visual display is shown indi- 
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eating the latest Write and Read ECC Error Rates far each time the subject player/recorder is off-line. Notably, the data 
data cartridge in each slot and the drive the Write and Read cartridge library system 16 continues to function using the 
ECC Error Rates were obtained from. The reference to rexnaining player/recorder devices. 
"Unknown" indicates that the data cartridge has not been When die computer 55 becomes available, a certified data 
subject to a read or write operation since the data cartridge 5 cartridge, stored in the storage array 20 of the d ata cartridge 
library was powered up. Hie visual display shown in FIG. 11 library system 16 or inserted into the data cartridge library 
indicates that a suspect data cartridge caused an Fault system 16 via the entry/exit device 30, is loaded into the 
warning. In this regard, the Write and/or Read ECC Error subject player/recorder device. The test includes command- 
Rates for data cartridges last loaded in to player/recorder ing the subject player/recorder to write a predetermined data 
device #2 are normal except for the last data cartridge 10 pattern to the certified data cartridge, ejecting the certified 
loaded. FIG. 11 also shows a visual display indicating which data cartridge, reloading the certified data cartridge into the 
slots contain data cartridges. subject player/recorder, and commanding the subject player/ 
In another embodiment, the number of times a particular recorder device to read the predetermined data pattern 
data cartridge has been loaded into a player/recorder device previously written onto the certified data cartridge. Upon 
is processed in response to an Alert warning or Fault 15 completion of the read command, the certified data cartridge 
condition. In this regard, it is recognized that the issuance of is unloaded and the Write and Read ECC Error Rates are 
an Alert warning or Fault condition may have resulted from queried and processed. 

a media problem, caused by. for example, high usage of a If either of the Write or Read ECC Error Rates exceeds 

data cartridge. For example, known player/recorder devices 4%. the subject player/recorder device is placed on perma- 

eraploy storage registers which can be queried to determine 20 ncnt "off-line" status and the host computer system and/or 

how many times a data cartridge, last loaded into the data cartridge administrator is notified of this status, 

player/recorder device, has been loaded. If it is determined Alternatively, a second triple pass cleaning of the subject 

that a data cartridge has been loaded a predetermined player/recorder device can be done and the subject player/ 

number of times, the data cartridge library administrator is recorder device "scheduled** for another certification test If 

notified to replace the data cartridge. For example, before or 25 the Write or Read ECC Error Rates of the subject player/ 

after the causing a single or triple pass cleaning, the subject recorder are less than 4% and either rate exceeds 2%. a 

player/recorder device is queried to determine how many single pass cleaning of the subject player/recorder is per- 

times tape #1 has been loaded into a player/recorder device. formed and the subject player/recorder device is placed back 

If it is determined that tape #1 has been loaded a predeter- 37 on-line." If both the Write and Read ECC Error Rates of 

mined amount of times (e.g.. 250 times), the data cartridge 30 the subject player/recorder are less than 2%, the subject 

library administrator is notified that tape #1 needs to be player/recorder device is placed back "on-line" without 

replaced via the output device of the library user interface. further remedial action. 

Referencing FIG. 12. preferably, a tape load count alert A player/recorder device taken permanently off-line will 

issues when a tape load exceeds a predetermined amount require user intervention to correct the read/write reliability 

Preferably, the number of times a particular data cartridge 35 problems. For example, the data cartridge library can be 

has been loaded, and, if appropriate, data cartridge taken off-line and the subject player/recorder device 

replacement, occur in conjunction with monitoring the replaced with another by the data cartridge library device 

'Write and/or Read ECC Error Rates, and if appropriate. administrator. Preferably, preventative maintenance of the 

cleaning of the player/recorder device. data cartridge library system is regularly undertaken to 

In another emrxxUrnent the Write and/or Read ECC Error 40 identify a player/recorder device experiencing read/write 

Rates are used to diagnose whether a player/recorder is reliability problems. Preferably, a diagnostic test is periodi- 

suspect. In this regard, the Write and/or Read ECC Error caliy performed of all the player/recorder devices to identify 

Rates are mapped for each data cartridge contained within a read/write reliability problems. In this regard, preventative 

slot of the data cartridge library. Referencing FIG. 13 maintenance is intended to minimize the number of times a 

(defined as "Example 2"), a visual display is shown indi* 45 subject player/recorder is taken "off-line " during operation 

eating the latest Write and Read ECC Error Rates for each of the data cartridge library system 16. 

data cartridge in each slot and the drive the Write and Read in accordance with another aspect of the invention, the 

ECC Error Rates were measured on. The reference to data cartridge library is capable of conducting a diagnostic 

"Unknown" indicates mat either a data cartridge is not test known as a **read/write confidence test " on all of the 

positioned in the slot or the data cartridge has not been 50 player/recorder devices (denned as "Procedure E"). The 

subject to a read or write operation since the data cartridge display screens as displayed on the library user interface 18. 

library was powered up. The visual display shown in FIG. 13 for initiating the read/write confidence test are shown in 

indicates that a suspect player/recorder caused an Alert FIGS. 14A-14B. In one ernbodiment wherein the data 

warning. In this regard, the Write and/or Read ECC Error cartridge library system 16 includes four player/recorder 

Rates for data cartridges last loaded in to player/recorder 55 devices, a certified data cartridge is loaded into player/ 

device #2 are abnormal. recorder device #1 and a known data pattern is written to the 

In another embodiment, in response to a Fault condition, certified data cartridge. After completing the write 

the subject player/recorder device is rendered unavailable command, the certified data cartridge is ejected from player/ 

for use (Le. taken "off-line") until the subject player/recorder recorder #1 and reloaded into player/recorder #1 and the 

is decertified". Preferably, the subject player/recorder is 60 known data pattern is read from the certified tape. After 

recertified by a certification test using a certified data completing the read command, the certified data cartridge is 

cartridge and a known data pattern. A certified data cartridge ejected from player/recorder #1 , loaded into player/recorder 

has known good recording media, thus eliminating the #2 and the known data pattern is read from the certified tape, 

possibility that the Fault condition is due to a media prob- After completing the read command, the certified data 

lem. Preferably, the certification test is executed for the next 65 cartridge is ejected from player/recorder #2. loaded into 

available time the data cartridge library computer 55 is player/recorder #3 and the known data pattern is read from 

available to receive a command, thereby minimizing the the certified tape. Finally, after completing the read 
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command, the certified data cartridge is ejected from player/ 
recorder #3, loaded into player/recorder #4 and the known 
data pattern is read from the certified tape. This sequence of 
steps is repeated for player/recorder #2* player/recorder #3 
and player/recorder #4. 5 

Referencing FIGS. 14C-14E, as the test progresses, the 
Write and Read ECC Error Rates for each player/recorder is 
queried and shown visually to the data cartridge library 
administrator via the output device of the library user 
interface 18. Preferably, the Write and/or Read ECC Error 10 
Rates are visually shown in matrix form. An example of a 
matrix display is shown in FIG. 15 (defined as "Example 3") 
which indicates normal ECC Error Rates for all player/ 
recorder devices. Preferably, the respective Write and Read 
ECC Error Rates are processed and Alert warnings and Fault 13 
conditions are issued in appropriate circumstances. More 
preferably, remedial action is undertaken in response to the 
issuance of each Alert warning or Fault condition. 

In another embodiment a matrix display is used to 
identify player/recorder device problems. Referencing FIG. 
16 (defined as "Example 4"), a visual display is shown 
indicating that player/recorder device #1 has an excessive 
Write ECC Error Rate followed by a high Read ECC Error 
Rate. Additionally, the other player/recorder devices are 
having difficulty reading the data written by player/recorder 
device #1. In this read, player/recorder #2 was unable to read 
the data written by player/recorder device #1 as indicated by 
the reference to "31403". which is an error message. 

In another embodiment the matrix display is used to ^ 
identify one or more misaligned player/recorder devices. In 
this regard, it is recognized that in data cartridge library 
systems employing two or more player/recorder devices, a 
misalignment in a player/recorder device that writes data on 
a data cartridge will prevent or substantially inhibit another 35 
player/recorder device from reading the same data from the 
data cartridge. Referencing FIG. 17 (defined as "Example 
5"). a misalignment in a player/recorder device #3 is shown. 
In this regard, the Road ECC Error Rates are high for 
player/recorder device #3 for data recorded by a properly ^ 
aligned player/recorder devices #1 . #2 and #4. This problem 
is generally known as a "data interchange problem." 

Referencing FIG. 18, the display matrix for player/ 
recorder #1 experiencing a data interchange problem is 
shown. In this regard, the Write ECC Error Rate 90 and Read 45 
ECC Error Rate 92 for player/recorder #1 are acceptable 
(e.g., under 2%). However, the Read ECC Error Rates 94. 
96, 98 for player/recorder #2. player/recorder #3, and player/ 
recorder #4, respectively, for data written by player^recorder 
#1 are not acceptable (e.g., exceed 4%). Additionally, the ^ 
Read ECC Error Rates 95, 97, 99 for player/recorder #1 for 
data written by player/recorder #2, player/recorder #3, and 
playerAecorder #4. respectively, are not acceptable (e.g., 
exceed 4%). 

Displaying the respective Write and Read ECC Error 55 
Rates in matrix form assists the data cartridge library 
administrator identifying a misaligned player/recorder 
device. Once identified, appropriate remedial action, such as 
replacing the misaligned player/recorder device, is under- 
taken. FIGS. 19. 20. and 21 show matrix displays indicating « 
that player/recorder #2. player/recorder #3 and player/ 
recorder #4, respectively, are exhibiting data interchange 
problems. 

The foregoing description of the invention has been 
presented for purposes of illustration and description. 65 
Further, the description is rams intended to limit the varia- 
tions and modifications commensurate with the above 



teachings, and the skill or knowledge in the relevant art are 
within the scope of the present invention. The preferred 
embodiment described hereinabove is further intended to 
explain the best mode known of practicing the invention and 
to enable others skilled in the art to utilize the invention in 
various embodiments and with the various modifications 
required by their particular applications or uses of the 
invention. It is intended that the appended claims be con- 
strued to include alternate crnbodiments to the extent per- 
mitted by the prior art 
What is claimed is: 

1. A helical scan tape cartridge library apparatus com- 
prising: 

storage array means for storing a plurality of tape car- 
tridges that each contain a tape for storing data and 
which has a longitudinal axis; 

a first helical scan tape player that is capable of writing a 
track of data on a tape located within a tape cartridge; 

a second helical scan tape player that is capable of reading 
a track of data on a tape located within a tape cartridge; 

picker means for moving a tape cartridge between said 
storage array means and said first and second helical 
scan tape players; 

wherein said first helical scan tape player is designed to 
write a crack of data on a tape within a predetermined 
range of angles away from the longitudinal axis of the 
tape; 

wherein said second helical scan tape player is designed 
to read a track of data on a tape within said predeter- 
mined range of angles away from the longitudinal axis 
of the tape; 

wherein said first helical scan tape player may have a first 
misalignment that would cause said first helical scan 
tape player to write a track of data on a tape at an angle 
outside said predetermined range of angles and if said 
second helical scan tape player reads the tape within 
said predetermined range of angles effectively prevents 
the track of data from being read; 

wherein said second helical scan tape player may have a 
second misalignment that would cause said second 
helical scan tape player to read a track of data on a tape 
at an angle outside said predetermined range of angles 
and if said first helical scan tape player wrote the track 
within said predetermined range of angles, effectively 
prevent the track of data from being read; 

means for receiving information from said first and sec- 
ond helical scan tape players; and means for using said 
information to potentially identify at least one of said 
first misalignment and said second misalignment prob- 
lems. 

2. A helical scan tape cartridge library apparatus as 
claimed in claim 1, wherein: 

said means for receiving information includes a computer. 

3. A helical scan tape cartridge library apparatus as 
claimed in claim 1, wherein: 

said information includes the Write and Read ECC Error 
Rates for said first and second helical scan tape players. 

4. A helical scan tape cartridge library apparatus as 
claimed in claim 3. wherein: 

said means for using said information includes means for 
visually displaying said Write and Read ECC Error 
Rates for said first and second helical scan tape players. 

5. A helical scan tape cartridge library apparatus as 
claimed in claim 1. further comprising: 

means for visually displaying information from said first 
and second helical scan tape players in a manner which 
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permits a user to potentially identify a misalignment 
problem with one of said first and second helical scan 
tape players. 

6. A method for detecting read/write problems for use by 
data cartridge library, said method comprising the steps of: 
providing storage array means for storing a plurality of 

data cartridges; 
providing a plurality of player/recorder means, each for 

reading/writing data on a data cartridge; 
providing picker means for moving data cartridges 

between said storage array means and said plurality of 

player/recorder means; 
providing a diagnostic data cartridge; 
loading said diagnostic data cartridge into one of said 

plurality of player/recorder means; and 
using said diagnostic data cartridge to identify a read/ 

write problem with at least one of said plurality of 

player/recorder means 
wherein said plurality of player/recorder means are 

capable of providing on Write and Read ECC Error 

Rates after a Write or Read operation has been com- 
pleted; 
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said step of using said diagnostic data cartridge includes: 
said pkyer/recorder means in which said diagnostic 
data cartridge is loaded writing a data pattern to said 
^ diagnostic data cartridge; 

said player/recorder means reading the data pattern from 
the diagnostic data cartridge; 

loading said diagnostic data cartridge into the remaining 
l0 of said plurality of player/recorder means and having 
said remaining of said plurality of player/recorder 
means reading said data pattern written on said diag- 
nostic data cartridge; and 

visually displaying the respective Write and Read ECC 
Error Rates for said plurality of player/recorder means. 
7. A method for detecting read/write problems for use by 
data cartridge library, as claimed in claim ©\ wherein: 

said step of using said diagnostic data cartridge is 
repeated for each of said plurality of player/recorder 
means. 
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